Myxobacteria are regarded as social bacteria exhibiting a unique multicellular lifestyle, and producing hydrolytic enzymes and antimicrobials that seem important for predation and survival [1] . Many of these organisms were described to produce novel secondary metabolites with therapeutic potential [2, 3] . Myxobacterial diversity appears to be correlated with geography [4] and with under-explored environments [5] . In recent past decades, the systematics of myxobacteria was primarily based on phenotypic characteristics such as the description of growth stages. The morphological characteristics of fruiting bodies, however, may change or be lost after sub-cultivations under laboratory conditions [6] . Shimkets and Woese [7] published the first 16S rRNA gene-based phylogenetic analysis of myxobacteria including 12 strains and 11 species of 10 genera. More comprehensive phylogenetic analyses of myxobacteria covered 101 strains (including type strains) representing 3 suborders, 6 families, 20 genera, 46 species and 12 undescribed novel taxa [6] , some of which were later validated to represent novel genera [8, 9] . The correlation among taxa of myxobacteria was not only reflected in their morphology and 16S rRNA gene sequence but also supported by their fatty acid profile [10] . In addition, a polyphasic taxonomic characterization was performed to delineate a novel taxon from its closest relatives. This paper deals with the taxonomy of two myxobacterial strains isolated from different geographical locations in Nepal.
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Strains MCy10943
T and MCy10944 T were isolated from Nepalese soil samples. Both strains were discovered using a novel cultivation approach, which is described in the following. Isolation agar medium was prepared by adding 1 % (v/v) soil extract and supplemented with levamisole (25 µg ml
À1
) and cycloheximide (25 µg ml
). The soil extract was prepared from the same soil sample used for isolation by suspending 2 g of air-dried sample in 10 ml of distilled water, autoclaved and cooled to room temperature. Soil residue was allowed to settle, and the supernatant was used to prepare the medium containing 1.5 % (w/v) Bacto agar and 25 mM HEPES; pH was adjusted to 7.0 with KOH before autoclaving. The baiting technique, i.e. autoclaved Escherichia coli, was spotted on agar as bait in the isolation. The novel isolates were recognized by their fruiting bodies on agar. Pure isolates were obtained through repeated transfers of the swarm edge on a mineral salt agar [11] . The strains were routinely cultivated and maintained temporarily on buffered VY/2 agar medium [5] at room temperature for 2-3 weeks. Phenotypic growth stages were studied and documented after cultivation of the strains on buffered VY/2 agar. For cryopreservation, pieces of agar taken from an actively growing swarm colony were placed in cryotube vials and stored at À80 C. The novel strains were reactivated by placing the preserved agar pieces onto fresh agar medium. For back-up preservation, actively growing vegetative cells taken from liquid culture were stored in a À80 C freezer after the addition of 20 % (v/v) glycerol as cryoprotectant, which was followed by a slow freezing process in a Cryochamber (Mr. Frosty; Nalgene) using cold isopropanol [12] . Morphology stages of the strains were documented and determined according to a previous study [13] .
Gram-staining [14] of vegetative cells and Congo red staining of swarming colonies [15] were performed according to established protocols. Catalase, oxidase and API ZYM kit (bioM erieux) reactions were performed as described in a previous study [13] . The novel strains were cultivated in VTM medium [w/v: 0.2 % soluble starch (Roth), 0.2 % Bacto casitone, 0.005 % KNO 3 , 0.1 % MgSO 4 .7H 2 O, 0.0008 % Fe-EDTA, 25 mM HEPES; adjusted to pH 7.2 with KOH before autoclaving] and closely related strains were cultivated in AMB medium [16] . The myxobacterial cultures were washed with sterile water before inoculation. Microbial predation investigations using live micro-organisms (E. coli, Micrococcus luteus and Hansenula anomala), and degradation assays using cellulose, chitin and agar, and hydrolysis of milk casein and soluble starch were done according to the methods described previously [13] . Hydrolysis of Tweens 20 and 80 (Sigma) was tested in buffered VY/2 and Casitone-based agar at 0.1 % (w/v). Hydrolysis of xylan (Roth) and aesculin (Sigma) was performed according to Lang et al. [17] . Hydrolysis of urea was tested in Casitoneurease agar [w/v: 0.1 % potassium phosphate monobasic (Riedel-de Ha€ en), 0.5 % urea (Sigma), 0.001 % Phenol red (Sigma), 0.2 % Bacto casitone, 0.1 % sucrose (VWR Life Science), 0.05 % CaCl 2 .2H 2 O, 1.5 % Bacto agar].
Growth responses to different temperatures (4-42 C) and tolerance to anaerobic growth conditions were analysed according to Awal et al. [13] but with the inclusion of VTM agar in the latter test. Antibiotic resistance was tested according to Garcia et al. [8] but with the exclusion of rifampicin, apramycin, carbenicillin, tetracycline and streptomycin. Tests for tolerance to NaCl and pH and the ability of the strains to utilize peptone and carbohydrate sources were performed as described by Awal et al. [13] . Cultures were assessed after cultivation in a rotary shaker at 180 r. p.m. NaCl tolerance was tested in the presence of 0-1.5 % (w/v) NaCl using 0.5 % (w/v) intervals and additionally at 0.1 % (w/v) intervals to narrow down the tolerance limit. Except for temperature tolerance, all tests were performed for 1 week at 30 C.
Cellular fatty acid extraction and GC-MS analysis were performed according to the standard methods for myxobacteria [10, 18] . Strains used for the analysis were cultivated in 50 ml VTM medium at 180 r.p.m. for 5 days. The DNA G +C content of the novel strains and their closest related species was determined based on the standard HPLC-MS method, performed after nuclease P1 digestion of the genomic DNA [19, 20] .
Genomic DNA extraction and 16S rRNA gene amplification were as described previously [13] . The isolates were grown in VTM medium for genomic DNA isolation. Based on the 16S rRNA gene sequences of the strains obtained using universal primers, specific primers were designed to cover the sequence of the gene towards the 5¢ and 3¢ ends. Specially designed primers, MCy10943f (5¢-ATGAC-CAGGGCTACACACG-3¢) and MCy10943r (5¢-GTCCTC TCAGACCAGCTACC-3¢) for strain MCy10943 T and MCy10944f (5¢-CGGTCTCAGTTCAGATTGGAG-3¢) and MCy10944r (5¢-CTCAGACCAGCTACCCGTCG-3¢) for strain MCy10944 T , were used for sequencing. Primers MCy10943f and MCy10943r correspond to E. coli 16S rRNA gene positions 1203-1221 and 276-295, respectively. On the other hand, MCy10944f and MCy10944r were designed in the region corresponding to E. coli 16S rRNA gene positions 1282-1302 and 271-290, respectively. The pairwise alignment of the 16S rRNA gene sequences with the closest related species in Cystobacteraceae was performed using the EzBioCloud database (http://ezbiocloud. net [21] ). The 16S rRNA gene sequences of myxobacteria, mostly representing the type strains in the suborder Cystobacterineae and selected members of Sorangiineae and Nannocystineae, were retrieved from GenBank. Alignments of the 16S rRNA gene sequences were performed using the MUSCLE software [22] while the distance matrices between sequences were calculated using the HKY85 model [23] . phylogenetic tree was reconstructed using PHYML [24] applying 1000 bootstrap resampling [25] , and the 16S rRNA gene sequence of Desulfovibrio desulfuricans DSM 642 T (GenBank accession number: NR_036778) was chosen as an outgroup to root the tree. All these phylogenetic programs are packed in the Geneious Pro 8.1.3 software suite [26] .
Swarming colonies of the novel isolates produced a slime sheath (Fig. 1a, c) which differed in colour. Strain MCy10943
T had a transparent to yellowish orange colony colour while MCy10944
T had a transparent to a smoky whitish colour. These colonies were soft and moved coherently. The colony edges of the novel isolates were flared with a wavy surface appearance (Fig. 1b, d ). Vegetative cells were long, slender, dark rods with tapering ends measuring 0.8-0.9Â6-16 µm (Fig. 2a, e) , and were yellowish orange to whitish for MCy10943
T and MCy10944 T , respectively. The two novel isolates differed in fruiting body morphology. Strain MCy10943
T formed oval to bean-shaped fruiting bodies (50-100 µm) without sporangiole and were often arranged as clusters or heaped on the agar (Fig. 2b, c) . The absence of an enclosing wall in the fruiting body is reminiscent of Corallococcus species, Archangium gephyra and Aggregicoccus edonensis. Strain MCy10944
T formed beige to pale orange, globular, glistening solitary fruiting-body-like mounds (20-500 µm) which were commonly held in slime ( Fig. 2f, g ). Both novel isolates contained slightly refractive ovoid to short rod myxospores which were desiccationresistant. Strain MCy10943 T myxospores measured 1.0Â1.5-3.0 µm (Fig. 2d ) while MCy10944 T myxospores measured 1.0Â2.0 µm (Fig. 2h) . The size and shape of the myxospores produced by the novel isolates appear typical for members of the Cystobacteraceae [27] , thus supporting their phenotypic clustering within the family.
The novel strains were Gram-stain-negative, and positive for Congo-red, catalase and oxidase. The two novel isolates shared positive (+3 to +5 colour intensity) API ZYM enzymatic reactions for alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cysteine arylamidase, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Both novel bacteria were weakly positive (+1 to +2 colour intensity) for b-galactosidase, and shared negative reactions for a-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. Strain MCy10943
T differed mainly from MCy10944 T in that it showed a positive reaction with N-acetyl-b-glucosaminidase and trypsin. Similarly, strain MCy10944
T differed among other closely related species as it showed a negative reaction with C14 lipase and trypsin ( Table 2) .
Lysis of live micro-organisms including E. coli, M. luteus and H. anomala was observed with the novel isolates. Filter paper, chitin and agar were not degraded. Milk casein, soluble starch, Tweens 20 and 80, and xylan were all hydrolysed by the novel bacteria. The two novel isolates differed in the aesculin test, which was positive for MCy10943
T . Urea was not hydrolysed. Table 2 summarizes the differential characteristics between the novel isolates and their closely related species.
Growth response to temperatures differed between the two isolates. The largest colony diameter on buffered VY/2 was seen at 37 C for MCy10943 T while best growth was observed at 30 C for MCy10944 T . The temperature range for growth was [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] C for MCy10943 T and 18-37 C for MCy10944
T . No growth occurred above 40 C or below 18 C. Both strains were characterized as aerobic as they failed to grow in an anaerobic jar. The novel isolates shared similar antibiotic susceptibility patterns by showing resistance to ampicillin, kanamycin, gentamicin, hygromycin B, trimethoprim, polymyxin and neomycin, and showing sensitivity to oxytetracycline, fusidic acid and thiostrepton. Strain MCy10944 T differed from MCy10943 T in its sensitivity to spectinomycin, kasugamycin, sodium cephalothin and bacitracin. The novel isolates were nonhalophilic with a maximum NaCl tolerance of 0.5 % (w/v). Growth was best at neutral to slightly alkaline conditions for the novel bacteria. Strain MCy10943 T exhibited growth at pH 6.0-9.5 with an optimum at pH 7.0-8.0 while MCy10944 T showed colony growth at pH 5.5-9 with the optimum at pH 6.5-7.5.
The novel strains differed distinctly in their nutritional requirements. MCy10943
T exhibited high cell yield in the presence of xylose, galactose and cellobiose while MCy10944
T exhibited best growth in the presence of potato starch and arabinose. Both isolates exhibited good growth with supplementation of soluble starch. MCy10943
T grew poorly in the presence of sorbitol, sucrose, raffinose, arabinose and rhamnose. Poor growth was observed for MCy10944 T after supplementation with sucrose, raffinose, maltose, galactose and fructose. Under peptone supplementation, MCy10943
T showed optimal growth with casitone, tryptone and soytone, moderate growth with polypeptone, peptone and proteose peptone, and no growth with neopeptone and Casamino acids. MCy10944
T exhibited optimal growth with tryptone, peptone and polypeptone, moderate growth with soytone, proteose peptone, casitone and neopeptone, and poor growth with Casamino acids. Complex organic sources such as meat extract enhanced growth while yeast and beef extracts supported only a slight growth of the novel isolates. None of the inorganic nitrogen sources tested was able to induce growth of the novel strains. Taking the nutritional requirements together, the novel isolates can be regarded as chemoheterotrophic bacteria. (Table 1 ). The closest fatty acid pattern was determined with the Archangium-Cystobacter cluster [10] where branched-chain fatty acids dominate over straightchained acids ( Table 2 ). The novel stains differed in the pattern of major cellular fatty acids compared with related genera and species within the Archangium-Angiococcus-Cystobacter clade ( Table 2 ).
The novel isolates had a high DNA G+C content (72.5-74.6 mol%), which appears typical for myxobacteria. Strain MCy10944
T differed from strain MCy10943 T in having a slightly higher G+C content ( (Fig. 3) showed that the two novel strains clustered together in a unique new clade within the Cystobacteraceae, suborder Cystobacterineae.
Just like the next most closely related family (Myxococcaceae) of the novel isolates, members of the Cystobacteraceae show a high percentage of 16S rRNA gene sequence similarity (96-98 %). Despite this high percentage similarity, five genera have been validly described in Cystobacteraceae [27] . Myxobacteria are unique among prokaryotes in their complex morphological characteristics, so that species can be grouped into genera based on their phenotypic characteristics, which overall were strongly supported by molecular phylogeny [6, 28] , fatty acid profile [10] and other physio-chemical characteristics. Although the Archangium-Angiococcus-Cystobacter (C. violaceus, C. minus') cluster shows a high percentage of 16S rRNA gene sequence similarity (98.4-98.9 %), the novel isolates appear to occupy a separate clade distinct from these three described genera. In addition, the distinction of the novel isolates to the next related species appears to be supported by polyphasic characteristics (Table 2) , which lead us to propose two novel species of a new genus (Vitiosangium gen. nov.). 
DESCRIPTION OF VITIOSANGIUM CUMULATUM SP. NOV.
Vitiosangium cumulatum (cu.mu.la¢tum. L. neut. adj. cumulatum heaped, referring to the arrangement of fruiting bodies).
Exhibits all the characteristics given for the genus. Vegetative cells measure 0.8-0.9Â7.0-16.0 µm. Swarming colonies vary from transparent to yellowish orange on buffered VY/2 agar. Fruiting bodies are not enclosed in sporangioles, and the shape varies from oval to bean shaped (50-100 µm), often appearing as clusters or heaps. Myxospores measure 1.2-1.5Â1.5-3.0 µm. Mesophilic, aerobic and tolerates a wide pH range (6.0-9.5) with optimal growth at pH 7.0-8.0. NaCl is inhibitory above 0.6 % (w/v). Hydrolyses milk casein, soluble starch, gelatin, Tweens 20 and 80, xylan and aesculin. Exhibits good growth with casitone, tryptone, soytone and meat extract. Grows best with xylose, soluble starch, galactose and cellobiose. Shows positive reactions in the API ZYM kit (+3 to +5 colour intensity) for alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, achymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucosidase and N-acetyl-b-glucosaminidase, weak positive reactions (+1 to +2 colour intensity) for C14 lipase and b-galactosidase, and negative reactions for agalactosidase, b-glucuronidase, a-glucosidase, a-mannosidase and a-fucosidase. Resistant to ampicillin, kanamycin, gentamicin, hygromycin B, trimethoprim, polymyxin, neomycin, spectinomycin, kasugamycin, sodium cephalothin and bacitracin. Sensitive to oxytetracycline, fusidic acid and thiostrepton. Major cellular fatty acids are iso-C 17 : 1 2-OH, C 16 : 1 , iso-C 15 : 0 and iso-C 17 : 0 .
The type strain is MCy10943 T (=DSM 102952 T =NCCB 100600 T ), isolated in 2014 from a Nepalese soil sample collected in 2013. The DNA G+C content of the type strain is 72.5 mol%. ND, not determined. OAG, O-Alkylglycerol; DMA, dimethylacetal; BCFA, branch-chain fatty acid; SCFA, straight-chain fatty acid. All strains hydrolysed casein, starch, Tween 20, xylan; were resistant to gentamycin, neomycin, polymyxin and trimethoprim; shared API ZYM positive (+5) reactions for alkaline phosphatase, acid phosphatase, leucine arylamidase, and negative reactions for a-galactosidase and a-fucosidase; were unable to degrade agar or cellulose; and showed sensitivity to fusidic acid, oxytetracycline and thiostrepton. 
18-37
Antibiotic tolerance (50 µg ml
pH tolerance 6-9.5 5.5-9 6-9 6-9 6-9 7-9 6-9 6-9 
EMENDED DESCRIPTION OF THE GENUS ARCHANGIUM JAHN 1924 AL
Morphological characteristics are as described by Jahn [29] and McCurdy [30] , with long, thin and flexuous needleshaped vegetative rods with tapered ends. Fruiting bodies are hard and lack sporangioles which contain short rodshaped myxospores. Swarming colonies cannot degrade agar and may appear slimy. Stains Gram-negative and Congo-red-positive. Exhibits oxidase-positive, catalase-positive and aesculin-negative reactions. Hydrolyses Tweens 20 and 80, starch, xylan, urea and milk casein. Lacks the ability to decompose chitin, cellulose and agar. The major cellular fatty acids are C 16 : 1 !5c, iso-C 15 : 0 , C 16 : 0 and iso-C 15 : 0 DMA, and predominantly contains branch-chain fatty acids. The type species is Archangium gephyra.
EMENDED DESCRIPTION OF THE GENUS ANGIOCOCCUS (EX JAHN 1924) HOOK ET AL. 1980
Morphological characteristics are as described by Thaxter [31] , Jahn [29] and Hook et al. [32] , with long and flexuous vegetative rod-shaped cells with tapered ends. Fruiting bodies are composed of sporangioles, many of which are flattened disc-shaped and contain irregularly spheroidal myxospores. Swarming colonies appear thin, forming concentric rings and radial folds. Stains Gram-negative and Congo-red-positive. Exhibits oxidase-negative, catalase-positive and aesculin-negative reactions. Hydrolyses Tweens 20 and 80, starch, xylan, urea and milk casein. Lacks the ability to decompose chitin, cellulose and agar. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 2-OH, C 16 : 1 !5c, C 16 : 0 and iso-C 17 : 0 , and predominantly contains branch-chain fatty acids. The type species is Angiococcus disciformis. 
*À, Negative; +, moderate, ++, good; +++, very good. †Except for 1 (MCy10943 T ) and 2 (MCy10944 T ), data were sourced from Garcia et al. [10] . ‡+1 to +5 refers to the API ZYM colour intensity of the reaction. +5, the strongest reaction. 
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